The breast attains its maximum development during pregnancy and lactation. After menopause the breast regresses in both nulliparous and parous women containing lobular structures that have been designated lobules type 1. Despite the similarity in the lobular composition of the breast at menopause, the fact that nulliparous women are at higher risk of developing breast cancer than parous women, indicates that lobules type 1 in these two groups of women might be biologically different, or exhibit different susceptibility to carcinogenesis. Based on these observations it was postulated that the lobule type 1 found in the breast of nulliparous women and of parous women with breast cancer never went through the process of differentiation, retaining a high concentration of epithelial cells that are targets for carcinogens and therefore susceptible to undergo neoplastic transformation, these cell are called Stem cells 1, whereas lobules type 1 structures found in the breast of early parous postmenopausal women free of mammary pathology, on the other hand, are composed of an epithelial cell population that is refractory to transformation called Stem cells 2. It was further postulated that the degree of differentiation acquired through early pregnancy has changed the "genomic signature" that differentiates the lobule type 1 from the early parous women from that of the nulliparous women by shifting the Stem cell 1 to a Stem cell 2 that is refractory to carcinogenesis, making this the postulated mechanism of protection conferred by early full term pregnancy. The identification of a putative breast stem cell (Stem cell 1) has reached in the last decade a significant impulse and several markers also reported for other tissues have been found in the mammary epithelial cells of both rodents and humans. Although still more work needs to be done in order to better understand the role of the Stem cell 2 and its interaction with the genes that confer it a specific signature, collectively, the data presently available provides evidence that pregnancy, through the process of cell differentiation, shifts the Stem cell 1 to Stem cell 2, cells that exhibit a specific genomic signature that could be responsible for the refractoriness of the mammary gland to carcinogenesis.
ABSTRACT
The breast attains its maximum development during pregnancy and lactation. After menopause the breast regresses in both nulliparous and parous women containing lobular structures that have been designated lobules type 1. Despite the similarity in the lobular composition of the breast at menopause, the fact that nulliparous women are at higher risk of developing breast cancer than parous women, indicates that lobules type 1 in these two groups of women might be biologically different, or exhibit different susceptibility to carcinogenesis. Based on these observations it was postulated that the lobule type 1 found in the breast of nulliparous women and of parous women with breast cancer never went through the process of differentiation, retaining a high concentration of epithelial cells that are targets for carcinogens and therefore susceptible to undergo neoplastic transformation, these cell are called Stem cells 1, whereas lobules type 1 structures found in the breast of early parous postmenopausal women free of mammary pathology, on the other hand, are composed of an epithelial cell population that is refractory to transformation called Stem cells 2. It was further postulated that the degree of differentiation acquired through early pregnancy has changed the "genomic signature" that differentiates the lobule type 1 from the early parous women from that of the nulliparous women by shifting the Stem cell 1 to a Stem cell 2 that is refractory to carcinogenesis, making this the postulated mechanism of protection conferred by early full term pregnancy. The identification of a putative breast stem cell (Stem cell 1) has reached in the last decade a significant impulse and several markers also reported for other tissues have been found in the mammary epithelial cells of both rodents and humans. Although still more work needs to be done in order to better understand the role of the Stem cell 2 and its interaction with the genes that confer it a specific signature, collectively, the data presently available provides evidence that pregnancy, through the process of cell differentiation, shifts the Stem cell 1 to Stem cell 2, cells that exhibit a specific genomic signature that could be responsible for the refractoriness of the mammary gland to carcinogenesis.
BREAST DEVELOPMENT AND DIFFERENTIATION
The breast tissue of normally cycling women contains three identifiable types of lobules, the previously described lobules type 1 (Lob 1) and the more developed lobules type 2 (Lob 2) and type 3 (Lob 3) (1-3). The breast attains its maximum development during pregnancy. The rapid increase in number of newly formed ductules during pregnancy results in the progression of Lob 2 to Lob 3. This growth phase is followed by the functional or secretory phase, which is indicative of the progression from ductules to secretory acini that characterize the fully differentiated Lob 4. After post-lactational involution, Lob 4 regress to Lob 3, which remain present as the predominant structure in the breast until a woman reaches the fourth decade of life, decreasing thereafter due to their involution to Lob 2 and Lob 1 (1, 2) . At difference of the breast of parous women, the nulliparous breast contains a great number of Lob 1, whose percentage remains almost constant throughout their lifespan. Lob 2 are present in moderate numbers and Lob 3 are almost totally absent during the early reproductive years, whereas the number of Lob 1 remains significantly higher, suggesting that a certain percentage of Lob 1 might have progressed to Lob 2, but very few of them had progressed to Lob 3 (2) . After menopause the breast regresses in both nulliparous and parous women. This phenomenon is manifested as an increase in the number of Lob 1, and a concomitant decline in the number of Lob 2 and Lob 3. At the end of the fifth decade of life, the breast of both nulliparous and parous women contains predominantly Lob 1 (2) . Despite the similarity in the lobular composition of the breast, the fact that nulliparous women are at higher risk of developing breast cancer than parous women, indicates that Lob 1 in these two groups of women might be biologically different, or exhibit different susceptibility to carcinogenesis (2, 3).
PATHOGENESIS OF BREAST CANCER
The Lob 1 has been identified as the site of origin of the most common breast malignancy, the ductal carcinoma, as demonstrated in comparative studies of normal and cancer-bearing breasts obtained at autopsy and from cancer-bearing lumpectomy or mastectomy specimens (3) (4) (5) . The findings that the non tumoral parenchyma in cancer associated breasts contained a significantly higher number of hyperplastic terminal ducts, atypical Lob 1 and ductal carcinomas in situ originated in Lob 1 than those breasts of women free of breast cancer indicated that the Lob 1 develop preneoplastic as well as neoplastic lesions (4) . More differentiated lobular structures have been found to originate tumors whose malignancy is inversely related to the degree of differentiation of the parent structure, i.e., Lob 2 originate lobular carcinomas in situ, and Lob 3 give rise to benign breast lesions, such as hyperplastic lobules, cysts, fibroadenomas and adenomas, and Lob 4 to lactating adenomas (4) . The fact that each specific compartment of the breast gives origin to a specific type of lesion lends support to a new biological concept, that the differentiation of the breast determines its susceptibility to neoplastic transformation (4, 6) . The architecture of the non-tumoral breast tissues from nulliparous women's cancer-bearing lumpectomy or mastectomy specimens do not differ from that of nulliparous females free of mammary pathology being both composed predominantly by Lob 1 (3, 7) . Although in premenopausal parous women from the general population the breast contains predominantly Lob 3 and a very low percentage of Lob 1, in those parous women with or without family history that had developed breast cancer their breast tissues contain the Lob 1 as the predominant structure, appearing similar to that of nulliparous women (7) . The similarities found between the architecture of the breast of nulliparous women and that of parous women with cancer support the hypothesis that the degree of breast development is of importance in the susceptibility to carcinogenesis, and, furthermore, that parous women who develop breast cancer might exhibit a defective response to the differentiating influence of the hormones of pregnancy (2) and therefore they are hosting cells that are susceptible to carcinogenesis. Based on these observations it was postulated by Russo and his coworkers in 1997 (8) (figure 1), that the Lob 1 found in the breast of nulliparous women and of parous women with breast cancer never went through the process of differentiation, retaining a high concentration of epithelial cells that are targets for carcinogens and therefore susceptible to undergo neoplastic transformation, these cells were called Stem cells 1 (8) . Lob 1 structures found in the breast of early parous postmenopausal women free of mammary pathology, on the other hand, are composed of an epithelial cell population that is refractory to transformation and these cells are called Stem cell 2, making this the postulated mechanism of protection conferred by early full term pregnancy (2, 3, 6, 8) . It was further postulated that the degree of differentiation acquired through early pregnancy has changed the "genomic signature" that differentiates the Lob 1 from the early parous women from that of the nulliparous women by shifting the Stem cell 1 to a Stem cell 2 that is refractory to carcinogenesis (figure 1).
EVIDENCE FOR A STEM CELL 1 IN THE MAMMARY GLAND.
Stem cells in adult structures have been defined by their ability for self-renewal and for generating a differentiated progeny. In the mammary gland, DeOme et al. (9) demonstrated that fragments of different parenchymal portions were able to generate fully functional mammary outgrowths in mice, forming ductal and lobuloalveolar structures composed by epithelial and myoepithelial cells. This concept was further developed by Kordon and Smith (10) who demonstrated that the progeny from a single cell may comprise the epithelial population of a fully developed lactating mammary outgrowth in mice. Thus, the development of the complete mammary tree from a small portion of a duct or from single cells attests of their multifaceted potential. However, it was not known whether these progenitor/stem cells would be capable of initiating cancer when exposed to a carcinogenic agent. This issue was addressed by Russo and coworkers (11) (12) (13) , who demonstrated that cancer started in terminal end buds (TEBs) present in the mammary gland of young virgin rats. The analysis of these structures by electron microscopy Figure 1 . Breast cancer originates in undifferentiated terminal structures of the mammary gland, the lobule type 1, that contain the Stem cell 1 that is the target of the neoplastic event. Early parity induces differentiation of the mammary gland creating the Stem cell 2. Even though differentiation significantly reduces cell proliferation in the mammary gland, the mammary epithelium remains capable of responding with proliferation to given stimuli, such as a new pregnancy. Under these circumstances, however, the cells that are stimulated to proliferate are from structures that have already been primed by the first cycle of differentiation, that are able to metabolize the carcinogen and repair the induced DNA damage more efficiently than the cells of the nulliparous gland, and are less susceptible to carcinogenesis. However, if the shifting of Stem cell 1 to Stem cell 2 has not been completed a carcinogenic stimulus powerful enough may overburden the system, thereby initiating successfully a neoplastic process. (Reprinted with Permission from: Russo J., et al Breast Cancer Res, 2005 (129) (16) isolated and characterized from the normal rat mammary gland and from DMBA-induced mammary adenocarcinomas epithelial cells that were cuboidal and gave rise to a mixture of cuboidal and spindle-shaped cells resembling fibroblasts. In confluent cultures, cuboidal cells acquired the morphology of a third type of cells, which were dark, polygonal and with many small vacuoles, resembling the dark cells ultrastructurally described by Russo et al. (13) . Chepko and Smith (17) differentiated three division-competent cell populations in the murine mammary epithelium, a subset of "large light cells" structurally and functionally compatible with early stages of secretory differentiation, "small light cells" that were the least differentiated, suggesting that the large light cells were a direct precursor to terminally differentiated cells, both secretory and myoepithelial.
Postulated cell markers for identifying the stem cell in the mammary gland
A shift from the pioneering work done for characterizing by morphology and by in vitro behavior the progenitor/stem cells started with the search for immunocytochemical and genomic markers. Smith et al (18) utilized the expression of keratins 6 and 14 in mouse mammary epithelium for defining subsets of morphologically distinct luminal mammary epithelial cells with kinetic properties expected for latent mammogenic stem cells. Keratin 6 was confined to a small number of mammary epithelial cells found in the growing end buds and among the luminal epithelium, whereas keratin 14 was expressed in basally located fusiform cells as the myoepithelial cells.
These authors emphasized the usefulness of these markers for identifying mammary epithelium-specific primordial cells. Stingl et al. (19, 20) utilized new molecular markers for selecting subpopulations of cells with distinct differentiation potential. They described bipotent human mammary epithelial progenitor cells based on the expression of epithelial specific antigen (ESA), sialomucin 1 (MUC1), common acute lymphoblast antigen (CALLA/CD10,) and alpha-integrin, in combination with exclusion of rhodamine dye. Hebbard et al (21) observed that CD44, a member of the family of cell surface proteins that is expressed in breast carcinomas, is also expressed in the normal mammary gland. In rodents CD44 expression is first detected at puberty, and thereafter it is regulated by the estrous cycle; it disappears during lactation, reappearing during involution, suggesting that the expression of this protein is a marker of a stem cell. Novel studies in mice mammary gland (22) have identified stem cells in TEBs and ducts by pulse labeling HC-11 primary mammary epithelial cells with fluorescent TRITC-cell linker membrane label and BrdU, the cells were then transplanted into cleared juvenile syngenic mammary fat pads, in which they were identified as long-lived, label-retaining mammary epithelial cells (LRCs) in mammary ducts that were actively growing or static. This study demonstrated that LRCs are stem cells and their progeny (transitional cells) are arranged as transitional units (TUs) and that both express Zonula Occludens-1 and alpha-catenin proteins, data that suggest that transitional units retain stem cells.
The study of markers for other stem cells has been useful in the identification of mammary stem/progenitor cells. Sca1 (stem cell antigen 1) was first described in mice as a hematopoietic stem cell antigen (23) . Welm et al (24) detected in the luminal epithelium of mice a Sca1+ cell population that is enriched for functional stem/progenitor cells. These cells are BrdU label retaining, lack expression of differentiation markers, and are progesterone receptor negative. The Sca1+ population also shows "side population" (SP) properties, a characteristic first defined in bone marrow cells (23) , as cells with Hoeschst dye-effluxing properties that have phenotypic markers of multipotential hematopoietic stem cells. It has been proposed that the protein responsible for that phenotype is breast cancer resistance protein 1 (BCRP1), suggesting that the expression of this protein could serve as a marker for stem cells from various sources (25) . Mammary epithelial cells with SP properties were also identified in human mammary gland. Alvi et al. (26) showed that 0.2-0.45% of both human and mouse epithelia were formed by distinct SP cells. These cells generated ductal and lobuloalveolar structures when transplanted into murine cleared mammary fat pads. The SP cells had a high expression of BCRP1, sca1, telomerase catalytic subunit, and low levels of differentiated markers for luminal (epithelial membrane antigen and cytokeratin 19) and myoepithelial cell types (cytokeratin 14). These cells were detected in all human breast samples studied, but their presence was not correlated with age, parity, contraceptive use or day of menstrual cycle. Further investigations identified new markers which may be specific for the human stem/progenitor cells. Gudjonsson et al (27) isolated a cell line derived from human mammary cells expressing epithelial specific antigen (ESA) and lacking sialomucin (MUC) expression that could give rise to both luminal epithelial and myoepithelial cells in culture. One single ESA+/MUC-cell had the ability of generating a terminal ductal-lobular unit-like structure in basement membrane gel, similar to that formed when the cell line was implanted in mice. In contrast, an ESA+/MUC+ subpopulation was differentiated, luminal epithelialrestricted without stem cell properties.
Wicha and coworkers (28) developed a system to enrich the population of human mammary progenitor/stem cells by culturing them in suspension where they formed "nonadherent mammospheres". These structures were able to differentiate along all three mammary epithelial lineages and to clonally generate complex functional structures in 3D culture systems. Cytological and immunocytochemical analysis of secondary mammospheres revealed that these structures contained cells positive for alpha-6 integrin, cytokeratin 5, which was widely expressed, and CD10; ESA-positive and cytokeratin 14-positive cells were less frequently found. Muc 1, alpha-smooth muscle antigen (ASMA), and cytokeratin 18 were not detected. In addition to cells, mammospheres contained extracellular material (ECM). However, immunostains for fibronectin and collagen IV, the classical components of adult gland ECM material were negative, although ~20% of the mammospheres stained positive for laminin. In contrast, abundant expression of the embryonic ECM components tenascin and decorin, was detected in mammospheres (See Ref.28) . Moreover, the comparison of the genomic profile of undifferentiated cells from mammospheres to that of differentiated cells cultured on collagen identified genes candidates for stem/progenitor cell markers. Some of these genes were already described as involved in stem/progenitor cell-specific functions or regulation of self-renewal and abnormal expression of some of them has been correlated with breast cancer development such as proliferation, cell survival and invasion. Recently, new studies showed that the null mutation of the peroxisome proliferator-activated receptor-binding protein (PBP) resulted in defective mammary gland development and in the inability of the mammary epithelial cells to form mammospheres, suggesting a role of PBP in the survival of mammary stem cells or in mammosphere formation process (29)
Role of the Estrogen Receptor alpha as a marker of stem cells in the mammary gland
The identification of the stem cell and of its role in the development and differentiation of the mammary gland from birth to senesce requires an understanding of the effect of estrogen and its cognate ligand receptor alpha (ERalpha) in these processes. The importance of the role played by the ERalpha in mammary gland development has been highlighted by the development of the ERalphaKO mouse (30) . At birth, the mammary gland of intact animals consists of a rudimentary ductal tree that develops and fills the stroma of the gland in response to increased ovarian estrogen at puberty. The mammary gland of ERalphaKO females does not grow beyond the rudimentary ducts, illustrating the role of estrogens in ductal elongation. The importance of active ductal growth driven by estrogen has been further emphasized by the higher susceptibility of the breast to be transformed during a "high risk" window in the lifespan of a female encompassed between menarche and a first full term pregnancy (14) . This period is characterized by rapid ductal growth and active proliferative activity of the mammary epithelium of Lob 1. These structures are composed of a rapidly proliferating epithelium that has a high content of ERalpha and progesterone receptor (PR) positive cells. With the progressive maturation of Lob 1 to Lob 2, Lob 3, and Lob 4 there is a progressive decrease in the percentage of proliferating cells, a reduction in the percentage of cells positive for steroid hormone receptors, and a reduction in the susceptibility of the cells to be transformed by chemical carcinogens (31) . These data indicate that the stem cells that originate the mammary tree as well as cancerous lesions are located in a specific compartment of the mammary parenchyma, namely the Lob 1 or TDLU; these are the cells that have been called Stem cell 1 by Russo and Russo (8) . Supporting studies by Petersen et al (32) have shown that a subset of suprabasal breast luminal epithelial cells that are able to generate themselves as well as differentiated luminal epithelial and myoepithelial cells, and to form terminal ductal lobular unit (TDLU)-like structures are distinguished by cytokeratin 19. The suprabasal population of breast stem cells consists of undifferentiated "intermediate" cells with Hoechst dyeeffluxing "side population" (SP) properties. These cells lack expression of myoepithelial and luminal apical membrane markers such as CALLA and MUC1. They are rich for ERalpha-positive cells and express several fold higher levels of the ERalpha, p21 (CIP1) and Msi1 genes than non-SP cells. They also form branching structures in matrigel which included cells of both luminal and myoepithelial lineages. These data suggest a model where scattered steroid receptor-positive cells are stem cells that self-renew through asymmetric cell division and generate patches of transit amplifying and differentiated cells (33, 34) . ERalpha/PR+ breast cancers exhibit loss of the two key regulators of asymmetric cell division, Musashi-1 and Notch-1 and thus they may arise from symmetric division of the ERalpha/PR+ stem cell (33) . These data are supported by the observations of Russo et al (31) that epithelial cells of the Lob 1 co-express ERalpha, PR and the proliferation marker Ki67, suggesting that these cells could originate ERalpha positive tumors. However, these cells represent less than 1% of the total cell population, whereas the majority of ERalpha/PR+ cells do not express the proliferation marker, an indication that the cells that contain the receptors are not capable of proliferating. The findings that proliferating cells are different from those that are ERalpha-and PR-positive support data that indicate that estrogen controls cell proliferation by an indirect mechanism. Further support is the finding that when Lob 1 of normal breast tissue are placed in culture, they lose the ERalpha-positive cells, indicating that only proliferating cells that are also ERalpha-negative can survive, representing a type of stem cell that may originate ER negative tumors (31) . The fact that the majority of proliferating breast epithelial cells do not express ERalpha and PR could explain Clayton and coworkers (35) data that cells characterized as human mammary stem cells, present ESA expression, Hoechst dye exclusion, low levels of MUC-1 and CALLA, and lack detectable expression of ER alpha and beta. Cells expressing that phenotype had high cloning efficiency in culture from a single cell, generating mixed colonies containing luminal and myoepithelial cells.
Role of the Estrogen Receptor beta as a marker of stem cells
Estrogens and ERs are required for the proliferation of stem cells. For example, it was observed that the human breast carcinoma cells, PMC42, with stem cell characteristics, did not proliferate in serum-free medium unless 17-beta-estradiol (E 2 ) or progesterone was added, though their ER content is lower than that described for MCF-7 and T47D. The addition of both hormones induced a more than additive increase in proliferation whereas the addition of tamoxifen significantly decreased cell numbers and inhibited the stimulatory effects of E 2 (36) . Estrogens also have profound effects on function and plasticity of rat neural stem cells. Both embryonic and adult rat neural stem cells express ERalpha and ERbeta. E 2 treatment increased the proliferation of embryonic neural stem cells and these effects were inhibited by the ER antagonist, ICI-182780, showing an involvement of ERs (37) . It has also been shown that estrogens have significant effects on spermatogonial stem cells of the Japanese eel (Anguilla japonica) and these effects are mediated via ERs (38) . Together, these observations indicate that estrogens and ERalpha/ERbeta are required for the proliferation of stem cells. However the data regarding the role of the second ER isoforms, ERbeta in regulation of cell proliferation are controversial (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) . ERbeta has been assigned two different and opposed actions as an inhibitor or a stimulator of E 2 -induced proliferation in human breast cells. For examples, there are several reports indicating that over-expression of ERbeta and its variants in breast cancer cell lines and breast cancer cells inhibited ERalphamediated cell proliferation (42) (43) (44) . In ERbeta-knock out mice, the presence of ERalpha but not ERbeta was necessary for the development of mouse mammary gland (45, 46) . Thus, it was hypothesized that ERbeta is acting as antagonist for the actions of ERalpha  as an inhibitor of cell proliferation (42) (43) (44) (47) (48) (49) . However, this hypothesis is challenged by the following data: a) There are proliferating cells in breast which express ERbeta (50), but the ERalphaexpressing cells in breast cancer do not express proliferation markers (51, 52) , b) The expression of ERbeta in breast cancer cells correlated with the enhanced expression of cell proliferating markers (e.g. Ki67 and cyclin A) (50-53); c) ERbeta is by far the more abundant of the two ERs in human breast cells (54) and rat mammary gland (55, 56) and its expression is higher in normal breast cells than in breast cancer cells (57-61); d) both wild-type and ERbeta variants are expressed in higher grade human breast tumors (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64) and the expression of ERbeta correlated with accepted prognostic indicators including lymph node status and tumor grades (65); e) high percentage ERalpha-negative tumors were positive for ERbeta; The presence of ERbeta was associated with an increase in survival rates in women treated with tamoxifen (66); f) In addition, it has been found an inverse relationship between the methylation rate of the ERbeta gene and tamoxifen resistance. The tamoxifen-resistant tumors showed denser methylation of the ERbeta gene than control tumors (67) .
There are several lines of evidence suggesting that ERbeta is involved in the control of stem cell proliferation. Proliferation of pluripotent, bone marrow stem cells, which develop to lymphoid and myeloid progenitors, is negatively regulated by estrogens. In estrogen deficiency and in ERbetaKO mice, there is significant alteration in bone marrow hematopoiesis. Shim et al. (68) observed that 1.5 years old ERbetaKO mice developed pronounced splenomegaly that is much more severe in females than in males. Further characterization of these mice revealed myelogenous hyperplasia in bone marrow, an increase in the number of granulocytes and B lymphocytes in blood, lymphadenopathy, and infiltration of leukocytes in the liver and lung. Analysis by flow cytometry of the bone marrow cells revealed that the percentage and total number of Gr-1hi/Mac-1hi-positive granulocytes were increased. The numbers of B cells in the bone marrow and spleen were significantly higher in ERbeta -/-mice than in WT littermates. Some of the ERbetaKO mice also had a severe lymphoproliferative phenotype. Thus the absence of ERbeta results in a myeloproliferative disease resembling human chronic myeloid leukemia with lymphoid blast crisis. These results indicate a role for ERbeta in regulating the differentiation of pluripotent hematopoietic progenitor cells (68) . In the prostate there are high levels of ERbeta but no ERalpha, suggesting a direct estrogenic influence on prostatic epithelium mediated by ERbeta. Imamov et al (69) reported that loss of ERbeta results in epithelial hypercellularity in the ventral prostate. In ERbeta -/-mouse prostates, there is over-expression of the androgen receptor and of the antiapoptotic factor Bcl-2 in the prostate. It is normally expressed only in the basal cells in the prostate. This apparent expansion of the 'stem cell-like population' in the ERbeta -/-mouse prostate has been further examined. They found a higher expression of cytokeratin 5 in ERbeta -/-mouse prostates so that the ratio of cytokeratin 5 to that of 19 is much higher in ERbeta -/-than in wild-type littermates. In addition, labeling of DNA with BrdU showed a 3.5-fold higher proliferation rate in ERbeta -/-mouse prostate. Despite these clear differences, the piling up of epithelial cells never progressed to high-grade prostatic intraepithelial neoplasia (PIN)-like lesions. Hyperplastic foci in ERbeta -/-mice show accumulation of cells without signs of atypia, resembling low-grade PIN in humans. The reason for this appeared to be a high rate of cellular detachment and subsequent fall off into the lumen in ERbeta -/-mice. The fall off phenomenon is possibly related to the finding that the expression of the cell adhesion molecule E-cadherin was reduced. It is concluded that in ERbeta -/-mouse prostates, the epithelial cell population contains more epithelial cells in the intermediate stage of differentiation, possessing both the ability to proliferate as the basal cells and the ability to secrete as the highly differentiated luminal epithelium.
Estrogen exposure has been linked to a risk for the development of testicular germ cell cancers. Pais et al. (70) compared the localization and expression levels of these ER subtypes in testicular germ cell cancers with normal testis. They observed that ERalpha was not expressed in the human normal testis and was also absent in all of the testicular germ cell cancers studied. In contrast, ERbeta was strongly expressed in various germ cells of the normal testis, suggesting that only ERbeta mediates the action of estrogen in the human male gonad (70). Palmieri et al. (71) evaluated the expression of ERalpha and ERbeta by immunochemistry in normal breast tissue samples, and in purified human breast fibroblasts by Western blotting, RT-PCR analysis and ligand-binding sucrose gradient assay. They observed that ERbeta variants, including ERbeta1, ERbeta2, ERbeta5, and ERbeta delta but not ERalpha, are expressed in human adult mammary fibroblasts. These results are supported by the findings that an ERbeta-selective ligand, BAG, but not the ERalpha high-affinity ligand E 2 , can induce fibroblast growth factor-7 release and activate transcription from an estrogenresponsive element promoter in these adult human mammary fibroblasts. Together, these observations revealed that, in the adult breast and in breast cancer, the proliferative signals derived from the stroma of adult mammary glands in response to estrogen are not mediated by ERalpha and provide new insights into the nature of stromal-epithelial interactions in the adult mammary gland. In addition, the expression of these ERbeta variants in cells where there is no ERalpha suggested that these ERbeta splice forms may have functions other than that of modulating ERalpha activity (71).
MCF-10F cells are immortalized human breast epithelial cells (HBEC) negative for ERalpha but positive for ERbeta. The lower passages of these cells have low levels of ERbeta mRNA expression but when they were transformed either with chemical carcinogen, or estrogens 5) . These ERbeta-reactive protein bands appear to be ERbeta isoforms as they have the mobility similar to those of rhERbeta in same SDS-PAGE. These results confirm the presence of ERbeta proteins in MCF-10F. E 2 , 2-OH E 2 and 4-OH E 2 are capable of enhancing cell proliferation, and of transforming HBEC and that these E2-induced phenotypes were not abrogated by antiestrogen, ICI182780 suggesting that ERbeta may play a role in E2-mediated cell proliferation and transformation (72, 75, 76) and that these cells have the property of the Stem cell 1 ( figure 1) . However, the precise role of ERbeta in these E 2 -mediated processes in HBEC requires further investigations.
Influence of the stroma in the genomic profile of the Stem cell 1 in vitro
Considering that the HBEC MCF-10F could behave like a Stem cell 1 we aimed to determine the role of the stroma in the growth pattern of these cells in vitro. We have found that MCF-10F cells growing in collagen matrix form ductular structures mimicking the breast epithelia in vivo ( figure 3 ). We performed cDNA microarray in order to determine the differential gene expression profile between the cells growing in monolayer and those growing in a tridimensional matrix and determining the role of the stroma in the ductulogenic process (figure 3). We found 161 genes differentially expressed and up-modulated (log mean of difference >2.0, with p<0.05) in the ductular structures in comparison to the MCF-10F cells in monolayer (table 1) . Those genes are related to several biological functions such as gene transcription or regulation of transcription (e.i. Myeloid cell nuclear differentiation antigen) (77) (78) (79) (80) (81) (82) (83) , protein biosynthesis (such as Stromal cell-derived factor 2) (84), amino acid transport and membrane trafficking (collagen, type IV, alpha 5 and RAB4, member RAS oncogene family), DNA repair system (such as ADPribosyltransferase (NAD+, poly (ADP ribose) polymerase)-like 2) (85-95) and genes related to regulation of cell transformation such as transforming growth factor, beta receptor III (table 1) . Two of the genes that are highly relevant are the myeloid nuclear differentiation antigen of MNDA and the ADP-ribosyltransferase (NAD+, poly (ADP ribose) polymerase)-like 2 or PARP. The myeloid nuclear differentiation antigen (MNDA) is expressed in a lineage-specific manner in myeloid cells (80) (81) (82) . MNDA may have an important role in myelomonocytic cell differentiation by exerting an antiproliferative effect on myeloid cell growth. In our specific model the MCF-10F cells express it under the stroma like effect of the collagen matrix and if could be involved in the expression of the organization of the ductal structures. MNDA may be related to the stem cell differentiation process in the human breast epithelial cells, to generate the Stem Cell type 2 (figure 1).
ADP-ribosyltransferase (NAD+, poly (ADP ribose) polymerase)-like 2 is also upregulated in the ductular structures and is thought to participate in chromatin condensation, maintenance of genomic stability, and the repair of oxidative DNA damage (85) . PARP binds to double and single DNA strand breaks, generated by reactive oxygen species and the DNA-bound repair enzymes during the repair process. Upon binding to strand breaks sites via two zinc fingers in its N-terminal region, PARP's catalytic activity increases 500-fold (86, 87) . PARP catalyzes the transfer of the ADP-ribose moiety of NAD+ onto a host of acceptor proteins such as histones, DNA topoisomerases, p53, DNA-dependent protein kinase, and other DNA binding proteins, including itself, thus forming long branched polymers of ADP-ribose (88-91). The high negative charge associated with poly ADP-ribosylation electrostatically repels the modified proteins from DNA and this is thought to clear the damaged site of chromatin and other extraneous proteins and facilitate repair (92, 93) . Although PARP is necessary for the repair of damaged DNA that allows continued cell survival, it is widely recognized that in the face of extensive DNA strand breaks, PARP activation can lead to depletion of NAD+, decreases in intracellular ATP levels, and cell death (94, 95) . All properties that are part of the genomic make up of a differentiated cell like the Stem Cell 2 (figure 1).
We also found 269 genes differentially expressed in MCF-10F monolayer cells respect to the ductular structures (p<0.05). These genes are related to the biological functions indicated in table 2. Among these genes are those related to the positive gene transcription DNA-dependent such as TRAF and INF receptor associated protein (96) and transcriptional co-activator with PDZ-binding motif (TAZ) (97) (98) (99) . Genes related to process protein ubiquitination, proteolysis and peptidolysis were found over-expressed in the monolayer respect to the ductular structures (such as putative dimethyladenosine transferase, ESTs, Highly similar to beta-1,3-N- transformation, this system has proved to be useful in studying mammary carcinogenesis as is described in the next section.
The MCF-10F as the Stem cell 1 in estrogen induced carcinogenesis
There is substantial amount of epidemiological, clinical and experimental evidence pointing to estrogens, e.g. 17beta-estradiol (E 2 ), as being one of the most important etiological factors for the development and progression of breast cancer (See reference 72). To test the transforming ability of estrogens on MCF-10F cells that is ERalpha negative, ERbeta positive and progesterone receptor negative, and for this purpose considered as a Stem cell 1, were treated twice a week during two weeks with 70 nM E 2 (72) . These cell expressed transformation phenotypes such as the formation of colonies in agar methocel, and the loss of the ductulogenic capacity when they grew in a collagen matrix. In order to identify the more aggressive transformed cells capable of forming tumors after E 2 treatment, we have selected the highly invasive populations of MCF-10F cells treated with E 2 in their 9 th passage by seeding them in Boyden chambers (figure 4). Those cells crossing the membrane were collected, expanded, and designated B2, B3, B4, B5, C2, C3, C4 and C5. Four of them, B2, C3, C4 and C5 cells were injected to severe combined immune depressed (SCID) mice. Only C3 and C5 cells were tumorigenic in 2/12 and 9/10 animals injected, respectively (figure 4). The tumors were poorly differentiated adenocarcinomas, ERalpha and PR negative, and expressed basic keratin of high molecular weight, E-Cadherin, CAM5.2, and vimentin. The genomic profile of C3 and C5 cell analyzed by cDNA microarray, revealed that C5 cells overexpressed (table 3) . Interestingly, C5 and the cells treated with E 2 had loss of 9p11-13 while in the tumors the 9p21-pter was lost (table 3) . The chromosomal alterations that we found in vitro are similar to those reported in primary breast cancer. Altogether the data shows both that 17beta-estradiol is able to transform a HBEC and that the MCF-10F has all the properties of a Stem cell 1 that is able to generate a tumor when challenged with the carcinogen agent.
THE EVIDENCE FOR THE STEM CELL 2 FOUND POST PREGNANCY IN THE MAMMARY GLAND
Epidemiological studies in humans and experimental carcinogenesis models have provided wide evidence of the protective effect of pregnancy from breast cancer development (101) (102) (103) (104) (105) (106) (107) (108) (109) (110) . Russo and coworkers (108, 111, 112) have postulated that the mechanism of pregnancy-induced protection is mediated by the induction of mammary gland differentiation driven by the hormonal milieu of pregnancy, which creates a specific genomic signature in the mammary gland that makes this organ permanently refractory to carcinogenesis (figure 1). Alternative explanations attributed the protective effect of pregnancy to changes in the environmental milieu (113) and/or alterations in the immunological profile of the host (105) . A further refinement of the hypothesis of how pregnancy could be affecting cancer susceptibility through induction of differentiation of the mammary gland was first proposed by Russo and Russo (8) , who postulated that the Lob 1 and the TEB found in the breast of nulliparous women or of young virgin rats, respectively, had not completed their differentiation into Lob 2, Lob 3 and Lob 4, retaining a high concentration of stem cells called Stem cells 1, which are susceptible to undergo neoplastic transformation when exposed to a carcinogenic agent (See previous section) (8) (figure 1). After the postmenopausal involution of the mammary gland, the architecture of the parous breast is similar that of the nulliparous breast, containing predominantly Lob 1 composed of Stem cell 2, an epithelial cell population that is refractory to transformation. It was further postulated that the degree of differentiation acquired through early pregnancy permanently changes the "genomic signature" that differentiate the Lob 1 from early parous women from that of nulliparous women, shifting the Stem cell 1 to a Stem cell 2 that is refractory to carcinogenesis. These cells were called Stem cell 2 because after post-lactational involution, the mammary epithelium remains capable of responding with proliferation and differentiation to the stimulus of a new pregnancy; however, these cells are refractory to carcinogenesis, even though they are stimulated to proliferate and to regenerate the whole mammary gland (figure 1). The Stem cell 2 is characterized by having a genomic signature that has been induced by the first cycle of differentiation. During the last eight years supporting evidence to this hypothesis has been generated by Russo and coworkers as well as by other researchers. Recent studies by Smith and coworkers (114-116) using transgenic WAP-driven Cre and Rosa 26-fl-stop-fl-LacZ mice provided evidence of a new mammary epithelial cell population that originates from differentiated cells during pregnancy; 5-10% of this parity-induced epithelium survives postlactational involution after the first pregnancy. With successive pregnancies their percentage increases, reaching 60% of the total epithelium in multiparous females. The parity-induced mammary epithelial cells (PI-MEC) is equivalent to the Stem cell 2 postulated by Russo et al, (8) since these cells show capacity for self-renewal and contribute to mammary outgrowth in transplantation studies. PI-MEC can function as alveolar progenitors in subsequent pregnancies, and it is thought that they would be related to differences in response to hormonal stimulation and carcinogenic agents observed between nulliparous and parous females (114) (115) (116) .
The crucial role of the number of mammary stem cells in breast cancer risk has also been recently postulated by Trichopoulos (117) , number that would be reduced through the process of terminal differentiation after the first full-term pregnancy. Several authors have focused in finding molecular changes as a mechanism of the pregnancy-induced protection (118) (119) (120) (121) (122) (123) (124) (125) .
Russo and coworkers have found that the post-pregnancy involuted mammary gland exhibits a genomic signature characterized by elevated expression of genes involved in the apoptotic pathways, such as testosterone repressed prostate message 2 (TRPM2), interleukin 1beta-converting enzyme (ICE), bcl-XL, bcl-XS, p53, p21, and c-myc, which can be from 3 to 5 fold upregulated (118, 119, 126) . The activation of programmed cell death genes occurs through a p53-dependent process, modulated by c-myc and with partial dependence on the bcl2-family related genes. In addition, inhibin A and B, heterodimeric non-steroidal secreted glycoproteins with tumor suppressor activity are also upregulated (118, 119, 126, 127) . Genes whose level of expression progressively increases with time of pregnancy reaching their highest levels between 21 and 42 days postpartum are those coding for a fragment of glycogen phosphorylase, AMP activated kinase, bone morphogenetic protein 4 and vesicle-associated protein 1. G/T mismatchspecific thymine DNA glycosylase gene is also increased by five-fold in this model. These data indicate that the activation of genes involved in the DNA repair process is part of the signature induced in the mammary gland by pregnancy. These observations confirm previous findings that in vivo the ability of the cells to repair carcinogeninduced damage by unscheduled DNA synthesis and adduct removal is more efficient in the parous and animal mammary gland (111) . In concordance with the studies of Srivastava et al (118) , Siveraman et al (122) observed that p53 can be implicated in the protective effect of parity, which can be mimicked by treatment of virgin rats with estrogen and progesterone. Studies by Medina et al. (120, 121) in the same hormonal model reported that the function of p53 is required for the hormone-mediated protection of DMBA-induced mammary tumorigenesis in mice. Genomic analysis of the mammary gland of virgin rats treated with estrogen and progesterone at doses that have been reported to mimic pregnancy, showed downregulation of certain growth-promoting molecules, whereas markers involved in cell cycle control or the modulation of transforming growth factor beta (TGF-beta) signaling pathway were upregulated in the post-treatment involuted mammary gland (123) . In this study, an unknown noncoding RNA (designated G.B7) and RbAp46, which has been implicated in a number of complexes involving chromatin remodeling, were found to be persistently upregulated in the lobules of the regressed glands. Using gene profile analysis, D'Cruz and coworkers (125) also observed down regulation of growth factors potentially involved in epithelial proliferation as well as persistent upregulation of TGF-beta3 and several of its transcripts targets in the involuted gland of parous rats and mice. The proposed model of parity-induced specific changes (8) has been further confirmed by Ginger and Rosen (124) , who reported that pregnancy induces multiple changes in the mammary epithelial cells, including nuclear accumulation of p53 and induction of whey acidic protein (WAP). During involution, a large component of the epithelium is eliminated through apoptosis, and a specific subpopulation of epithelial cells survives this process. The involuted mammary gland has persistent changes in gene expression, nuclear localization of p53, and an altered proliferative capacity in response to a carcinogen. Pregnancy would induce epigenetic changes, such as chromatin remodeling, DNA methylation/demethylation, and histone modifications, affecting cell fate in the parous mammary gland. As it is depicted in figure 5 all the genes that have been related to the Stem cell 2 seem to work in a different functional pathways than those described for the Stem cell 1. Collectively, the data described above present evidence that pregnancy, through the process of cell Figure 6 . The experimental model. These studies have been carried out utilizing four groups of virgin Sprague-Dawley rats that have been maintained in an environmentally controlled clean air room with a 12hour light/12 hour darkness cycle. Starting when the rats are 42 days old, the first group, identified as (hCG) has received a daily intraperitoneal (ip) injection of 100 IU/hCG; for the second group, identified as (P) the rats have been mated; the third group, identified as (E+P) have been implanted subcutaneously (sc) a pellet of estrogen and progesterone; and the fourth group consisted of age-matched virgin control rats. differentiation, shifts the Stem cell 1 to Stem cell 2 (figure 1), cells that exhibit a specific genomic signature that could be responsible for the refractoriness of the mammary gland to carcinogenesis.
NEW EVIDENCE FOR A STEM CELL 2 INDUCED BY PREGNANCY

Evidence in the rat mammary gland
The epidemiological data suggest that early parous women exhibit a lifetime decrease in breast cancer risk indicating hormonal and reproductive factors in the prevention of breast cancer development (128) . Studies in the rat mammary model of DMBA induced carcinogenesis full term pregnancy or the administration of the placental hormone chorionic gonadotropin (hCG) inhibited mammary cancer initiation and inhibit tumor progression (8) . The protective effect of pregnancy and or hCG have been explained by a mechanism by which the adult stem cell pre-existing in mammary gland in nulliparous gland described as Stem cell 1 are induced to differentiate to a new progenitor or Stem cell 2 which is refractory to carcinogenesis (8) . To further this hypothesis we have used 42 days old Sprague Dawley female rats divide in four groups (figure 6). One group was treated with recombinant hCG 100 IU by intraperitoneally injection during 21 days, a second group of pregnant rats and a third group (E+P group) (figure 6) that was treated with inter-scapular pellets containing Estrogen (20 mg/ml) + Progesterone (20 mg/ml) during 21 days. The last group was an untreated or control group of virgin animals. After 42 days post-pregnancy or post-treatment the gene expression profile was studied employing the oligonucleotide rat microarray technology (Agilent Technologies, CA), containing 22,500 features. Table D indicates the number of saturated features in the whole microarray in channels (red and green), the number of non-uniformly distributed outliers' features, the number of features outliers in the population, the background non-uniformly distributed, and the population of the background outlier.
The microarrays were hybridized using 1.5 microgram of cDNA labeled for both channels; the green channel or the Cy3 fluorescent dye was used for the rat universal reference and the Cy5 or the red channel corresponded with the samples. Figure 7 shows the quality of the oligonucleotide microarray and the image analysis software that was used (Feature Extraction from Agilent technologies, CA). After normalization of the data with Lowess methodology we combined the replicates of the 5 animals in each group in order to obtain the mean (log scale) of the genes expressed with the standard deviation. We selected the up-and down-modulated genes by design a cut off of 2.5 log scale respect to the control group or untreated, with p<0.01. We found 194 genes significantly (p<0.01) up-modulated (>2.5 log 2 folds) in the hCG-treated group that were commonly expressed with the pregnancy group and were not expressed in the E+P group. Those genes corresponded to different biological functions involving: activators or repressors of transcription (CREB1, Inhibitor of DNA binding 1, p21, GADD153, etc), hormonal receptors (such as GABA, 5-hydroxytryptamine receptor 2A receptor, corticotropin-releasing factor receptor 2, androgen receptor between others), apoptosis (caspase 1, activator of apoptosis Harakiri, etc), molecular transporters (such as ATPase, hydrogen-potassium, alpha 2a subunit, calcium-transporting sarcoplasmic reticulum type ATPase class 2 isoform, sodium-dependent serotonin transporter; 5-hydroxytryptamine transporter, etc), growth factors (such as beta-nerve growth factor, leukemia inhibitory/cholinergic neuronal differentiation factor, transforming growth factor beta 3 (TGF-beta3); antiproliferative growth factor, etc), cell division control (such as p21 Cdk 1 inhibitor, cell division control protein 2 homolog, arrestin, etc), DNA repair genes (such as GADD153, casein kinase delta, etc), lipid metabolism (such as leptin, obese factor, etc), enzymes of metabolic pathways (such as hydroxysteroid 20-alpha dehydrogenase, pancreatic cholesterol esterase, cytosolic acyl-CoA thioester hydrolase 1, etc), tumoral suppressors (such as p53, retinoblastoma protein Rb, etc), cell-surface antigens (such as B7.1, CD-28, BIG-1 protein; neural cell adhesion protein, CD44 antigen; phagocytic glycoprotein I, etc) and functionally uncharacterized proteins (such as opposite gonadotropin-releasing hormone, protein tyrosine phosphatase 4A1 (PTP4A1) and PRL1). We validated the gene expression of p53, p21, GADD153, leptin, CD28 and casein kinase delta 1, by real time PCR, RT-PCR (figures 8 and 9). The gene expression profile of p53, casein kinase 1 delta, TRPM2, TGFbII, p21, activator of apoptosis Harakiri, TNFbeta,GADD153, HMG1 and opposite GnRH are different in the E+P group compared with hCGtreatment and pregnancy groups. These data indicate that hCG, as pregnancy, induce early genomic changes that control de progression of the differentiation pathway, and these changes are permanently imprinted in the mammary gland. In addition we observed that the genomic signature induced by hCG is different from the one induced by the combination of the hormones E+P, this may explain that the protection induced by these hormones does not have a long lasting effect in the rat mammary gland by shifting the Stem cell 1 to Stem cell 2 (figure 1).
Evidence for a Stem cell 2 in the human breast
The advances of the human genome project and the availability of new tools for genomic analysis, such as cDNA array, tissue array, laser capture microdissection Figure 10 . Amplified RNA quality controls. In order to check the quality and the integrity of the amplified RNA, we used Real Time PCR assay to amplify the housekeeping gene 18S and HPRT. The figure shows the amplification curves of the 18S and HPRT for the epithelium of lobule 1 in nulliparous and parous women.
(LCM), and bioinformatics techniques have allowed us to determine whether there are clusters of genes that are differentially expressed in populations that differ in their breast cancer risk. Furthermore, those clusters of genes whose expression may be affected by early pregnancy and that can be proven to be functionally relevant in protecting the breast from cancer development could serve as markers for evaluating cancer risk in large populations. We have demonstrated this by comparing the genomic profile of the epithelium and the stroma of normal breast tissues obtained from reduction mammoplasty specimens from three postmenopausal nulliparous and five postmenopausal parous women.
The epithelium and the stroma were separately dissected using laser capture microdissection (LCM) and the RNA of each compartment and each sample was isolated, amplified using PCR methodology oligo-dT7-based methodology. The quality of the amplified RNA after two rounds of amplification, using the bioanalyzer (Agilent Technologies, CA), and the integrity of this RNA was checked by the expression of two housekeeping genes by real time PCR (figure 10). Fluorescent probe was synthesized by triplicate in order to hybridize to cDNA glass-microarrays containing 40,000 genes, placing in the green channel (Cy3) the human reference RNA and in the red channel (Cy5) the breast tissue samples. The cDNA microarray hybridization was checked using the control negative spots printed in the microarrays, also we checked the hybridization in both the red and green channels, measuring the total number of genes expressed in all the microarrays. After wash, the cDNA microarrays were scanned using the Affymetrix 428 fluorescent scanner (MWG Biotechnology, INC). The image of the cDNA microarrays was analyzed using the ImaGene version 5.5 (Biodiscovery, CA). Data were analyzed employing the GeneSight software version 4.2 (Biodiscovery, CA) after Lowess normalization eliminating all the outlier spots with Flags 1 to 5. Using the Confidence analysis with 99% level we select only the genes differentially expressed between same tissue compartments in each group, selecting a cut off of ± 2.0 log up or down respect to the reference (p<0.05). Our analysis revealed that the breast of nulliparous and parous women contained 4,828 epithelial and 4,055 stromal genes that were commonly expressed. In the nulliparous breast there were 37 epithelial and 50 stromal genes that were overexpressed and significantly different (p<0.05) from 164 epithelial and 66 stromal genes that were overexpressed in the parous breast. We identified sets of genes that were differentially expressed in the epithelial cells of the parous breast that could be considered their genomic signature. Among the known genes that are differentially expressed between the nulliparous and parous epithelial breast tissue we have separated them according to some putative functional groups (table 4) . We also found genes transcripts related to: signal transduction pathway, transport and cell trafficking, cell adhesion functions, to protein synthesis and degradation functions, and to general or undetermined cell functions. There are 107 EST sequences and 8 sequences of gene transcripts differentially expressed among the two groups under study.
In the interlobular stroma there is less number of known genes differentially expressed. The parous breast stroma contains 17 upregulated genes; among them are: neuropilin 2; chaperonin containing TCP1, subunit 6B (zeta 2); integrin, alpha M (complement component receptor 3, alpha; also known as CD11b (p170); macrophage antigen alpha polypeptide), Thy-1 cell surface antigen; and jun B proto-oncogene. There are 49 and 44 ESTs differentially expressed in the parous and nulliparous stroma of the lobules type 1 respectively. We have selected 12 genes for the validation of the cDNA microarray employing real time RT-PCR. The genes selected were: fatty acid binding protein 6, BCL2-associated X protein, leukemia inhibitory factor receptor, RAD51-like 1, neuroligin 3, BarH-like homeobox 1, somatostatin receptor 1, excision repair crosscomplementing rodent repair deficiency, p300/CBPassociated factor, SRY (sex determining region Y)-box 30, ubiquitin-conjugating enzyme E2D3 and cryptic gene. Our data led us to conclude that the breast epithelium of parous postmenopausal women contains a genomic signature significantly different from that of the nulliparous breast as a reflection of the shifting from a progenitor or Stem cell 1 to a progenitor or Stem cell 2 (figure 1).
UNIFYING CONCEPTS
Breast cancer originates in undifferentiated terminal structures of the mammary gland. The terminal ducts of the Lob 1 of the human female breast, which are the sites of origin of ductal carcinomas, are at their peak of cell replication during early adulthood, a period during which the breast is more susceptible to carcinogenesis. The susceptibility of Lob 1 to undergo neoplastic transformation has been confirmed by in vitro studies, which have shown that this structure has the highest proliferative activity and rate of carcinogen binding to the DNA (14) .
More importantly, when treated with carcinogens in vitro its epithelial cells express phenotypes indicative of cell transformation (1) . These studies indicate that in the human breast the target cell of carcinogens is found in a specific compartment whose characteristics are the determinant factors in the initiation event. These target cells will become the stem cells (Stem cell 1) of the neoplastic event, depending upon: (a) topographic location within the mammary gland tree, (b) age at exposure to a known or putative genotoxic agent, and (c) reproductive history of the host. The higher incidence of breast cancer observed in nulliparous women supports this concept, because it parallels the higher cancer incidence elicited by carcinogens in rodents when exposure occurs at a young age. In addition, it has been shown that early parity is associated with a pronounced decrease in the risk of breast cancer an additional live births confer greater risk reduction (102) . Thus, the protection afforded by early full-term pregnancy in women could be explained by the higher degree of differentiation of the mammary gland at the time at which an etiologic agent or agents act. Even though differentiation significantly reduces cell proliferation in the mammary gland, the mammary epithelium remains capable of responding with proliferation to given stimuli, such as a new pregnancy. Under these circumstances, however, the cells that are stimulated to proliferate are from structures that have already been primed by the first cycle of differentiation, becoming the Stem cell 2 that are able to metabolize carcinogen(s) and repair DNA damage more efficiently than the cells of the virginal gland, thus becoming less susceptible to carcinogenesis, as it has been demonstrated in the rodent experimental system. However, if the shift of Stem cell 1 to Stem cell 2 has not been completed, a carcinogenic stimulus powerful enough may overburden the system, thereby initiating successfully a neoplastic process. Such conditions may explain the small fraction of women developing breast cancer after an early first full-term pregnancy, i.e. because they have not had a full completion of the first cycle of differentiation. The findings that differentiation is a powerful inhibitor of cancer initiation provide a strong rationale for pursuing the identification of the stem cells susceptible to carcinogenesis and of the genes that control this process. The knowledge gained will provide novel tools for developing rational strategies for breast cancer prevention.
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